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ABSTRACT
Agriculture-based reformulation initiatives, includ-
ing oleic acid–rich lipid supplementation of the dairy 
cow diet, provide a novel means for reducing intake of 
saturated fatty acids (SFA) at a population level. In 
a blinded manner, this study evaluated the consumer 
acceptance of SFA-reduced, monounsaturated fatty 
acid–enriched (modified) milk, Cheddar cheese, and 
butter when compared with control and commercially 
available comparative samples. The effect of providing 
nutritional information about the modified cheese was 
also evaluated. Consumers (n = 115) rated samples for 
overall liking (appearance, flavor, and texture) using 
9-point hedonic scales. Although no significant differ-
ences were found between the milk samples, the modi-
fied cheese was liked significantly less than a regular-fat 
commercial alternative for overall liking and liking of 
specific modalities and had a lower liking of texture 
score compared with the control cheese. The provision 
of health information significantly increased the overall 
liking of the modified cheese compared with tasting 
the same sample in a blinded manner. Significant dif-
ferences were evident between the butter samples for 
overall liking and modalities of liking; all of the samples 
were significantly more liked than the commercial but-
ter and sunflower oil spread. In conclusion, this study 
illustrated that consumer acceptance of SFA-reduced, 
monounsaturated fatty acid–enriched dairy products 
was dependent on product type. Future research should 
consider how optimization of the textural properties 
of fatty acid–modified (and fat-reduced) cheese might 
enhance consumer acceptance of this product.
Key words: cardiovascular disease, consumer 
acceptance, dairy product, monounsaturated fatty acid, 
saturated fatty acid
INTRODUCTION
It is well established that supplementation of the 
dairy cow diet with plant oil, oilseeds, or marine lipids 
can be used as a strategy to partially replace the SFA 
content of ruminant milk with MUFA and, to a more 
limited extent, PUFA (Baer et al., 2001; Givens, 2008; 
Lourenço et al., 2010; Lock et al., 2014; Kliem and 
Shingfield, 2016). Findings from a systematic review 
suggest that consumption of modified dairy products, 
in which SFA was partially replaced with MUFA or 
PUFA, had a beneficial effect on plasma lipid markers 
of cardiovascular disease risk (Livingstone et al., 2012). 
Replacement of regular dairy products with SFA-re-
duced alternatives is one approach that could facilitate 
achievement of the SFA dietary recommendations for 
human health (i.e., to ≤10% of total energy; COMA, 
1994) while minimizing the necessity for consumers to 
make significant changes to their habitual diet (Givens 
and Shingfield, 2006; Markey et al., 2014, 2017). Con-
sequently, this reformulation initiative has the potential 
to provide a sustainable means of reducing the entry of 
SFA into dairy products and the wider food chain.
Sensory characteristics are one of the most influen-
tial determinants of food preference (Moskowitz et al., 
2008). Thus, it is necessary to consider the potential 
impact of milk fatty acid (FA) modification on the sen-
sorial characteristics (including texture and flavor) of 
milk and milk-derived foods, which are likely to relate 
to consumer acceptance and are key drivers in the com-
mercial success of foods (Chilliard and Ferlay, 2004; 
Moskowitz et al., 2008). It is expected that reducing the 
SFA content will lead to a reduction in the melting point 
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of the dairy products and thus affect properties includ-
ing texture, spreadability, and mouthfeel (Rios et al., 
2014). Some studies have highlighted that FA composi-
tion may alter the textural profile of cheese (Palmquist 
et al., 1993; Chilliard and Ferlay, 2004; Jones et al., 
2005; Givens and Shingfield, 2006). Conversely, other 
studies have shown no effect of PUFA supplementation 
of the ruminant diet, which predominantly incorporated 
fish oil, on the sensory characteristics of milk (Baer et 
al., 2001; Ramaswamy et al., 2001; Kitessa et al., 2004; 
Lynch et al., 2005), cheese (Jones et al., 2005; Vargas-
Bello-Pérez et al., 2015), or butter (Baer et al., 2001). 
More research is needed to examine the acceptability 
of milk and dairy products produced from ruminants 
that have been subjected to a period of oleic acid–rich 
supplementation. Although the aforementioned studies 
have evaluated the sensory properties of FA-modified 
milk or dairy products in trained panelists or consum-
ers, further research is needed to provide a combined 
overview of the consumer acceptance and sensory pro-
file of dairy products that have been produced from 
SFA-reduced, MUFA-enriched milk.
As well as gaining insight into the general liking 
tendencies of a population, it is important to identify 
groups of consumers that are homogeneous with regard 
to their overall liking of products using cluster analysis 
(Beck et al., 2015). A previous cluster analysis of liquid 
dairy products highlighted that liking varied accord-
ing to age, sex, and income (Richardson-Harman et al., 
2000). Using a cluster approach, we have shown that a 
distinct cluster of consumers that were representative 
of the UK population with regard to age, sex, body 
mass index (BMI), and socioeconomic class (SEC) had 
less of a preference for a range of reformulated, sugar-
reduced products when compared with regular-sugar 
alternatives (Markey et al., 2015). To our knowledge, 
no study has used a cluster approach to investigate 
consumer acceptance of FA-modified dairy products 
and to examine whether consumer clusters of liking for 
such products are associated with sociodemographic 
characteristics.
Furthermore, the effect of nutrition information on 
product liking and purchase intent needs to be consid-
ered (Kähkönen et al., 1996). It has been previously 
illustrated that acceptance may be dependent on the 
product type as well as information provided to con-
sumers about fat content of a specific product (Käh-
könen et al., 1996; Westcombe and Wardle, 1997; Rapp 
et al., 2009). The objective of the current study was to 
examine, in a blinded manner, the study population’s 
general acceptance and purchase intent of SFA-reduced, 
MUFA-enriched (modified) milk, Cheddar cheese, and 
butter (control) and commercially available compara-
tors.
MATERIALS AND METHODS
Bovine Supplementation Regimen
A bovine supplementation regimen was used to sup-
ply raw milk for production of modified dairy products. 
The production period took place from November 2014 
to May 2015 and has been described previously (K. E. 
Kliem, D. J. Humphries, O. Markey, D. Vasilopoulou, 
C. C. Fagan, A. S. Grandison, S. Todd, D. I. Givens, 
and J. A. Lovegrove, unpublished data). Briefly, the 
habitual TMR diet of 41 multiparous Holstein-Friesian 
dairy cows [205 d in lactation (SE = 7.2); milk yield at 
start = 33.4 L/d (SE = 0.91)] was supplemented with 
approximately 1 kg/cow per day of high-oleic sunflower 
oil [80 g/100 g of total FA in the form of oleic acid 
(C18:1 cis-9); AAK Ltd., Hull, UK] for a ≥28-d period 
at the Centre for Dairy Research (University of Read-
ing, Reading, Berkshire, UK).
Manufacturing Process of the Modified  
and Control Dairy Products
The SFA-reduced, MUFA-enriched (modified) milk, 
Cheddar cheese, and butter were produced from raw 
milk collected after cows had been supplemented with 
high-oleic sunflower oil for ≥4 wk. Control raw milk, 
Cheddar cheese, and butter with FA profiles that were 
representative of commercial retail dairy products were 
supplied by Arla UK Plc. (Taw Valley Creamery, North 
Tawton, UK). The details for milk production and but-
ter and cheese making were previously given (K. E. 
Kliem, D. J. Humphries, O. Markey, D. Vasilopoulou, 
C. C. Fagan, A. S. Grandison, S. Todd, D. I. Givens, 
and J. A. Lovegrove, unpublished data) and are de-
scribed briefly below.
All UHT modified and control milks were processed 
in single batches (1,400 kg) at Framptons Ltd. (Shep-
ton Mallet, Somerset, UK). Prior to UHT processing, 
control milk was standardized to match the fat content 
of the modified milk (2.8 g/100 g). Both raw modified 
milk and standardized control milk were preheated to 
85°C using a plate heat exchanger and homogenized. 
Direct steam infusion was used to heat the milk to 
142°C for 5 s (Framptons Ltd., Shepton Mallet, Somer-
set, UK). Subsequently, the milk was cooled to 5°C and 
aseptically packaged into 330-mL cartons and stored 
at 4°C.
Modified Cheddar cheese was manufactured at the 
University of Reading’s Food Processing Centre (Read-
ing, Berkshire, UK) as a single batch (180 kg). Process-
ing parameters were selected to mimic, at pilot scale, 
the process used at Arla UK Plc. to produce the single 
batch of control Cheddar cheese (180 kg). After pro-
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duction, the cheese was vacuum packed and placed in 
an 8°C ripening room for 3 mo. After ripening, cheese 
was apportioned into 350 g, vacuum packed, and stored 
at 2°C.
Modified butter was manufactured as a single batch 
(80 kg) at Ty Tanglwyst Dairy (Bridgend, South Wales, 
UK). A single batch of control butter (80 kg) was pro-
vided by Arla UK Plc. Butter was apportioned into 250 
g, packaged in butter wrap, and frozen until required.
Dairy Product Samples
Four UHT milk, mild Cheddar cheese, and butter 
and spread samples were evaluated in this study. The 
nutritional profile and manufacturer details of the dairy 
product samples are given in Table 1. Nutritional anal-
ysis (energy and macronutrient content) of the modi-
fied and control samples was conducted in duplicate 
by SGS United Kingdom Ltd. (ISO 17025 accredited 
laboratory; London, UK). Fat content was determined 
by low-resolution proton nuclear magnetic resonance. 
Protein content was calculated by multiplying the to-
tal nitrogen, determined by the Dumas method, by a 
standard nitrogen conversion factor of 6.25 to account 
for the fraction of NPN in each sample (Sriperm et 
al., 2011). Carbohydrate content was calculated by dif-
ference using the Atwater general system (Merrill and 
Watt, 1973). Sodium content analysis was carried out by 
duplicate by inductively coupled plasma-optical emis-
sion spectrometry at Quaternary Scientific (QUEST, 
School of Archaeology, Geography and Environmental 
Science, Reading, Berkshire, UK). Lipid extracted from 
all 12 milk, cheese, and butter samples was analyzed 
in triplicate for FA composition by GC-flame ioniza-
tion detection using a standardized procedure (Table 
1; Supplemental Table S1, https:// doi .org/ 10 .3168/ jds 
.2016 -12057; Kliem et al., 2013).
Sample Preparation for Sensory Analyses
The milk, cheese, and butter samples were prepared 
up to 3 h in advance but kept under a refrigeration 
temperature of 4°C. Prior to serving, all samples were 
given 40 min to equilibrate to room temperature (21 
± 1°C). Samples of cheese (10 g) were presented on 
clear plastic Petri dishes. Butter and spread samples 
(1.5 g) were spread onto 4 cm × 4 cm pieces of white 
pita bread (Sainsbury’s, London, UK) as previously 
described (Krause et al., 2007). Milk samples (30 mL) 
were presented in clear crystal polystyrene cups. All 
product types were presented in an unbranded manner 
and were labeled with 3-digit randomized codes. Car-
ryover effects were minimized by providing prompts on 
when to cleanse palates with readily available low-salt 
crackers (Carr’s Table Water Crackers; United Biscuits 
Ltd., Hayes, UK) and water and presenting samples in 
a monadic sequential manner.
Sensory Analyses and Consumer Tests
All sensory analysis by trained panel and consumer 
tests were carried out at the Sensory Science Centre 
(University of Reading) in ventilated, isolated, climate 
controlled (22 ± 1°C) sensory booths under artificial 
daylight. All questionnaire design and data collection 
were carried out using Compusense Software (Compu-
sense Cloud, Guelph, Ontario, Canada).
Quantitative Descriptive Analysis
A trained 10-member sensory panel consisting of 10 
assessors (9 women, 1 man; aged 35–60 yr) with ≥2 yr 
experience developed a consensus vocabulary on each 
dairy product type using quantitative descriptive anal-
ysis (QDA). Vocabularies were developed for appear-
ance, odor, taste, flavor, texture and mouthfeel, and 
aftertaste or aftereffect attributes of the dairy products 
in reference to published literature (Drake et al., 2001; 
Krause et al., 2007; Oupadissakoon et al., 2009; Tables 
2, 3, and 4). Although the butter was presented on pita 
bread (to relate results to the consumer liking data), 
the panel was asked to manipulate the product in their 
mouths and focus only on the attributes of the butter. 
After the terminology development phase, rating was 
carried out in isolated booths where, within each prod-
uct type, samples were presented in a balanced order to 
assessors in a monadic sequential manner. Warm water 
was used as a palate cleanser between samples (40 ± 
5°C). Attributes were evaluated using 100-mm unstruc-
tured line scales (anchors of 0 and 100 developed per 
attribute; Table 2). The different product types were 
evaluated on different days. Each product set contained 
4 samples, and in all sets assessors rated samples over 
a 30-min period, in duplicate, on 2 separate days. The 
enforced rest time between samples within each set was 
1 min. In each session the modalities were rated in the 
following order: appearance, odor, mouthfeel, taste, 
flavor, and finally, following a 30-s delay, aftereffects.
Consumer Screening and Recruitment
Untrained, apparently healthy consumers aged 25 to 
70 yr were recruited to the study. The study was given 
a favorable opinion for conduct by the University of 
Reading’s School of Chemistry, Food and Pharmacy 
Research Ethics Committee (study number 15/14), and 
all consumers provided written informed consent before 
study entry.
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Consumers represented 6 predetermined demo-
graphic categories based on sex (men and women), age 
(young = 25–47 yr; old = 48–70 yr), and SEC (upper = 
1–4; lower = 5–8). The SEC was determined according 
to the 2010 National Statistics Socio-Economic Clas-
sification Guidelines (Rose and Pevalin, 2010). Based 
on previous work (Markey et al., 2015), a sample size 
of 100 consumers was deemed necessary to detect a 
difference in overall liking (primary outcome measure) 
of 2 on a 9-point hedonic scale between products at 
80% power and P < 0.05. With the allowance for a 
20% dropout rate, 115 consumers were recruited to the 
study. Participants were reimbursed for their time and 
travel with a small payment.
Consumer Acceptability Test
Consumers attended 1 session (approximately 50 min) 
and were masked to the true purpose of the study; they 
were told that the study would be testing the accep-
tance and purchase intent for different dairy products. 
Consumer BMI [weight (kg) divided by height squared 
(m2)] was calculated from weight and height (measured 
to the nearest 0.1 kg and 0.1 cm, respectively).
Acceptability of Dairy Products that Were Presented 
in a Blinded Manner
Three sets of dairy products were served to consum-
ers in the following order: (1) cheese, (2) milk, and (3) 
butter and spread. Samples were presented to consum-
ers in this order to ensure that the time between tasting 
the strongest 2 samples sets (i.e., cheese and butter) 
was maximized. The 4 samples in each product set were 
presented to consumers in a balanced order. Consumers 
evaluated overall liking and liking of specific modali-
ties—namely appearance, flavor, and texture or mouth-
feel—on 9-point hedonic category scales (1 = dislike 
Table 1. Nutritional content of the cheese, milk, and butter and spread samples evaluated in the study
Item1
Energy,  
kcal/100 g
Protein,  
g/100 g
Carbohydrate, 
g/100 g
Fat,  
g/100 g
SFA,2  
g/100 g
PUFA,2  
g/100 g
MUFA,2  
g/100 g
trans- 
MUFA,  
g/100 g
Sodium,  
g/100 g
Salt,  
g/100 g
Milk           
 Modified3,4 53 3.3 4.8 2.3 1.1 0.1 0.9 0.2 0.0 0.0
 Control3,4 50 2.9 4.4 2.3 1.6 0.1 0.5 0.1 0.0 0.0
 Comp15,6 129 3.4 4.6 3.6 2.3 0.1 0.9 0.1 0.0 0.0
 Comp25,6 47 3.5 4.6 1.6 1.0 0.1 0.4 0.1 0.0 0.0
Cheese           
 Modified3,4 370 26.7 2.7 28.0 13.8 1.0 11.3 3.0 0.7 1.8
 Control3,4 405 22.8 3.5 33.3 22.3 1.0 7.8 0.9 0.7 1.8
 Comp15,6 416 25.4 0.1 34.9 23.2 1.0 8.4 0.9 0.7 1.8
 Comp25,6 302 26.0 0.1 22.0 13.5 0.7 6.3 0.9 0.7 1.8
Butter and spread          
 Modified3,4 729 0.4 1.4 80.2 38.8 3.0 33.0 7.7 0.6 1.5
 Control3,4 739 0.2 2.2 81.1 51.8 3.2 20.7 2.7 0.7 1.8
 Comp15 730 0.7 0.7 80.5 46.3 3.5 25.8 4.4 0.7 1.8
 Comp25 732 0.4 0.4 81.3 33.3 18.4 24.1 2.3 0.5 1.3
1Modified and control dairy products were produced for use in cohort 2 of the REplacement of SaturatEd fat in dairy on Total cholesterol 
(RESET) study human intervention trial, which will determine the effect of consuming fatty acid-modified dairy products, where SFA have been 
partially replaced with cis-MUFA, on a range of cardiometabolic risk markers compared with regular (control) dairy products (ClinicalTrials.gov 
NCT02089035; Markey et al., 2017). The modified dairy product production period took place from November 2014 to May 2015 and has been 
described previously (K. E. Kliem, D. J. Humphries, O. Markey, D. Vasilopoulou, C. C. Fagan, A. S. Grandison, S. Todd, D. I. Givens, and J. 
A. Lovegrove, unpublished data). Modified = UHT SFA-reduced, MUFA-enriched milk (Framptons Ltd., Somerset, UK); fat- and SFA-reduced, 
MUFA-enriched mild Cheddar cheese (Food Processing Centre, Reading, UK); and SFA-reduced, MUFA-enriched butter (Ty Tanglwyst Dairy, 
Bridgend, South Wales, UK). Control = UHT regular-SFA milk (Framptons Ltd.); regular-fat mild Cheddar cheese (Arla Foods, Devon, UK); 
and regular-fat butter (Arla Foods). Along with the modified and control samples from the RESET study, 2 commercially available branded 
comparators of each product (Comp1 and 2) were selected based on their fat composition (all products) and level of maturation (cheese only). 
Comp1 (commercial comparator 1) = UHT whole milk (Sainsbury’s Whole Long Life Milk, Sainsbury’s Supermarkets Ltd., London, UK); 
regular-fat mild Cheddar cheese (Tesco Mild Cheddar, Welwyn Garden City, UK); regular-fat, SFA-reduced, MUFA-enriched butter produced by 
supplementation of the bovine diet with rapeseed oil (Softer Butter product, Marks and Spencer Plc., London, UK). Comp2 (commercial com-
parator 2) = UHT semiskimmed milk (Sainsbury’s Semi-Skimmed Long Life Milk, Sainsbury’s Supermarkets Ltd.); fat-reduced mild Cheddar 
cheese (Tesco Lighter Mild Cheddar); and regular-fat spreadable butter containing 31% sunflower oil (Buttery and Spreadable, Yeo Valley Farms 
Production Ltd., Bristol, UK).
2The fatty acid profile of fat extracted from the products was calculated by GC-flame ionization detection (Kliem et al., 2013).
3Nutritional analysis (energy and macronutrient content) was conducted by SGS United Kingdom Ltd. (Cheshire, UK).
4Salt content was estimated by multiplying the sodium content by 2.5.
5Nutritional profile was based on manufacturer labels.
6Sodium content was estimated by dividing the salt content by 2.5.
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extremely; 9 = like extremely; Peryam and Pilgrim, 
1957; Beckley et al., 2012). Rating of purchase intent 
was evaluated on 5-point hedonic scales (1 = definitely 
would not buy or replace; 5 = definitely would buy 
or replace; Beckley et al., 2012). The enforced rest 
time between samples within each set was 1 min. To 
minimize the potential for carryover effects between 
dairy products, different sample sets were separated 
by completion of questionnaires on sociodemographic 
characteristics (taking approximately 2 min).
Acceptability of SFA-Reduced, MUFA-Enriched 
Cheese with Nutritional Information
Modified cheese was presented to consumers in an 
unblinded manner with nutrition information (i.e., 
“Saturated fat–reduced Cheddar: This product has 15% 
less total fat and 34% less saturated fat than regu-
lar Cheddar cheese”) for assessment of overall liking, 
purchase intent, and product replacement. Consum-
ers evaluated overall liking of the SFA-reduced cheese 
(9-point hedonic category scale) and purchase intent 
(5-point hedonic scale), as described previously.
Food Neophobia Scale
The Pliner and Hobden 10-item Food Neophobia 
Scale (FNS; Pliner and Hobden, 1992) was used to 
assess willingness to try new foods. The FNS items 
were answered using a 7-point Likert rating scale (1 
= strongly disagree; 7 = strongly agree). Total FNS 
scores were calculated for each consumer after reversing 
negative statements (items 1, 4, 6, 9, and 10; Pliner and 
Hobden, 1992).
Frequency of Dairy Product Consumption
Following the tasting sessions, consumers were asked 
to quantify their typical consumption of milk, cheese, 
and butter using a 10-point category scale from 1 = 
never to 10 = 6+ times/d, with 4 representing once per 
week and 7 representing once per day. They also de-
Table 2. Descriptive characteristics of the milk samples that differed significantly (P < 0.05) as evaluated by a trained sensory panel (n = 10)1,2
Term  
Definition (reference standards where used)  
[anchors] Modified Control Comp1 Comp2 P-value
Appearance       
 Yellow Depth of yellow color [none, white to more yellow] 17.2a 16.2a 13.3ab 10.7b 0.031
Odor       
 Butter (melted) Aromatics associated with butter (unsalted butter 
melted in microwave) [not to very]
14.1a 13.8a 9.0ab 4.1b 0.008
 Cooked milk Aromatics associated with cooked milk (boiled and left 
to go cold) [not to very]
27.5a 26.9a 12.3b 14.2b <0.001
 Eggy Aromatics associated with sulfur compounds (boiled 
mashed egg) [not to very]
6.9ab 9.6a 1.2c 3.7bc 0.002
 Sweet Aromatics associated with candy floss (furaneol: 
4-hydroxy-2,5-dimethyl-3-furanone) [not to very]
14.4ab 16.1a 11.7bc 10.4c 0.020
 Biscuit Aromatics associated with plain biscuits (Rich Tea3) 
[not to very]
1.4b 5.0a 1.6b 0.5b 0.026
Flavor       
 Buttery Flavor associated with butter4 (unsalted butter) [not to 
very]
15.8a 15.0a 10.8ab 6.0b 0.018
 Single cream Flavor associated with cream (single cream; 18% fat) 
[not to very]
12.0a 11.8a 10.0a 4.9b 0.007
Mouthfeel       
 Body Density in mouth [thin to thick] 22.1a 24.7a 21.4a 16.2b 0.002
Aftereffect       
 Buttery Flavor associated with butter, remaining after 
swallowing [not to very]
11.7a 9.9a 7.3ab 2.9b 0.012
 Salty Fundamental taste associated with sodium chloride, 
remaining after swallowing [not to very]
4.9a 2.6b 2.9ab 1.7b 0.026
a–cValues within a row with different superscripts are significantly different (P < 0.05). Attributes that were not significantly different between 
the milk samples were as follows. Appearance: shiny, body. Odor: margarine, mild cheese, single cream, caramel, malty, cardboard, metallic. 
Taste: sweet, savory, sour, salty, metallic. Flavor: margarine, cooked milk, eggy, mild cheese, biscuit, caramel, malty, cardboard. Mouthfeel: dry-
ing, fatty, lingering, mouth cooling, powdery. Aftereffect: drying, margarine, metallic, mouth cooling.
1Data were analyzed by 2-way ANOVA with sample and assessors fitted as fixed and random effects, respectively. Tukey’s post hoc tests were 
used to identify significant differences between milk samples. 
2Modified = SFA-reduced, MUFA-enriched UHT milk; control = UHT regular-SFA milk; Comp1 = commercial comparator 1 (UHT whole milk); 
Comp2 = commercial comparator 2 (UHT semiskimmed milk).
3Rich Tea biscuits (McVities, Pladis, Hayes, UK).
4Unsalted butter (Anchor Unsalted Butter, Arla Foods, Devon, UK).
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clared the type of milk they usually consumed (whole, 
semiskimmed, skim, or other) and quantified their daily 
milk consumption (5-point scale; 1 = less than 142 
mL/d; 5 = >568 mL/d).
Statistical Analysis
The QDA profiling data were analyzed in SENPAQ 
(version 5.01; QI Statistics, Reading, UK) by 2-way 
Table 3. Descriptive characteristics of the cheese samples that differed significantly (P < 0.05) as evaluated by a trained sensory panel (n = 
10)1,2
Term  
Definition (reference standards where used) 
[anchors] Modified Control Comp1 Comp2 P-value
Appearance       
 Yellowness Depth of yellow color [light yellow to dark yellow] 28.16c 33.0c 40.0b 49.4a <0.0001
 Shiny Shininess of appearance [matte to shiny] 11.3ab 14.1ab 9.4b 16.1a 0.112
 Cracks Cracks in cheese structure [none to lots] 13.8ab 8.8bc 15.0a 7.1c 0.012
 Holes Holes in cheese structure [none to lots] 2.5c 6.9b 10.5ab 11.1a <0.001
 Rubbery Rubbery appearance [no bounce back when 
pressed with finger to lots of bounce back when 
pressed with finger]
34.2a 28.0a 25.9a 13.3b 0.001
 Crumbly Crumbly appearance (pull apart with hands) [not 
to very]
17.3a 10.7bc 7.9c 13.6ab 0.010
 Resistance Effort needed to cut with a knife [little to lots] 28.4b 26.1b 38.1a 39.4a <0.001
 Moistness Moist appearance [dry to moist] 22.5a 23.1a 17.1b 16.1b 0.015
Odor       
 Sweet Aromatics associated with candy floss (furaneol: 
4-hydroxy-2,5-dimethyl-3-furanone) [not to very]
15.8a 15.3a 11.9b 10.3b 0.003
 Rind (Manchego) Aromatics associated with cheese rind (Manchego 
cheese) [not to very]
9.5ab 4.3b 6.0b 13.6a 0.021
 Animalic Aromatics associated goat milk [not to very] 2.3b 2.1b 4.0b 9.0a 0.003
Taste       
 Salty Fundamental taste associated with sodium 
chloride [not to very]
13.9b 14.4b 16.0b 20.0a 0.008
 Sweet Fundamental taste associated with sucrose [not to 
very]
11.3b 15.1a 12.3ab 10.0b 0.022
 Umami Fundamental taste associated with monosodium 
glutamate [not to very]
19.7b 21.2b 23.6ab 27.9a 0.048
Flavor       
 Strength of flavor 
  (mature/aged)
Overall strength of flavor associated with 
maturing of Cheddar cheese [weak to strong]
35.9b 34.3b 37.3b 56.6a <0.001
 Rind (Manchego) Flavor associated with cheese rind (Manchego 
cheese) [not to very]
8.4b 4.5b 5.7b 16.6a 0.001
 Animalic Flavor associated with goat milk [not to very] 2.6b 3.2b 2.1b 10.2a <0.001
Mouthfeel       
 Rate of dispersion Speed of dispersion in mouth [slow to fast] 49.5a 45.1a 40.6a 26.9b <0.001
 Resistance to bite Resistant to biting with front incisors [not to very] 14.9c 16.2bc 21.6b 33.3a <0.0001
 Crumbly Extent to which cheese falls apart into small 
pieces on first chew [not to very]
8.1b 3.4b 5.8b 17.1a <0.0001
 Mouth drying Extent to which the mouth feels dry while product 
is in the mouth [not to very]
16.2b 10.8b 16.3b 24.2a 0.009
Aftereffect       
 Rate of clearance Speed of clearance from mouth after swallowing 
[slow to fast]
44.7ab 46.0a 47.2a 35.0b 0.066
 Length of finish of 
  flavor
Duration of flavor in the mouth after swallowing 
[short to long]
35.0b 32.9b 35.6b 49.1a 0.015
 Bitter Fundamental taste associated with bitter 
compounds (quinine in water), remaining after 
swallowing [not to very]
13.8a 6.2b 4.9b 9.1ab 0.019
 Savory Flavor associated with vegetable broth, remaining 
after swallowing [not to very]
18.3b 21.1ab 21.9ab 29.3a 0.076
a−cValues within a row with different superscripts are significantly different (P < 0.05). Attributes that were not significantly different between 
the cheese samples were as follows. Appearance: flakiness (pull apart with hands). Odor: strength of odor, sour (lactic), savory, milky (pasteur-
ized whole milk), melted butter, nutty (roasted hazelnuts), sweaty feet (butyric acid), sulfurous (brassica). Taste: sour. Flavor: sour/lactic, milky 
(pasteurized whole milk), melted butter, nutty (roasted hazelnuts), nutty (chestnuts), sulfurous (brassica). Mouthfeel: rubbery, mouth coating, 
salivating, tongue tingle, claggy. Aftereffect: tooth coating (sticky), salty, sour/lactic, metallic, mouth drying, salivating.
1Data were analyzed by 2-way ANOVA with sample and assessors fitted as fixed and random effects, respectively. Tukey’s post hoc tests were 
used to identify significant differences between milk samples.
2Modified = fat- and SFA-reduced, MUFA-enriched mild Cheddar cheese; control = regular-fat mild Cheddar cheese; Comp1 = commercial 
comparator 1 (regular-fat mild Cheddar cheese); Comp2 = commercial comparator 2 (fat-reduced mild Cheddar cheese).
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ANOVA, with sample and assessors fitted as fixed and 
random effects, respectively, and main effects tested 
against the interaction. Tukey’s post hoc tests were 
used to identify significant differences between samples.
Consumer hedonic liking data were analyzed by 
analysis of covariance based on type III sum of squares 
(with product and consumers as fixed effects) when sig-
nificant product × covariate (sex, age, or BMI) inter-
actions were identified. Otherwise, data were analyzed 
by ANOVA. Tukey’s post hoc tests for multiple com-
parisons were used to identify differences in the data. 
Agglomerative hierarchical cluster analysis (HCA) was 
performed on consumer overall liking data within each 
product category using Ward’s method with Euclidean 
distances as the initial dissimilarities; automated trun-
cation was used, which resulted in 3 consumer groups for 
each product type. Subsequently, ANOVA was used to 
identify differences in liking between consumer clusters. 
Statistical analyses of consumer data were performed 
using XLStat (version 2012; AddinSoft, Paris, France). 
Age, BMI, and FNS scores were dichotomized into low 
and high values given below and above the popula-
tion median of 24.6 kg/m2, 44.0 yr, and 26 (minimum 
score = 10; maximum score = 70; Pliner and Hobden, 
1992), respectively. Paired-samples t-tests were used 
to compare overall liking and purchase intent between 
modified cheese samples presented with and without 
information. Data are presented as mean ± standard 
deviation. Statistical significance was set at P < 0.05.
RESULTS
Sensory Characteristics of the Dairy Products
The trained sensory panel used 42 attributes that 
were used to describe the milk samples; only 7 of these 
characteristics were significantly different between milks 
(P < 0.05; Table 2). When compared with comparators 
(Comp) 1 and 2 (see Table 1 for description), the mod-
ified control milk had significantly higher melted butter 
and cooked milk odor, buttery and single cream flavors, 
more body (mouthfeel), and a more buttery afteref-
Table 4. Descriptive characteristics of the butter and spread samples that differed significantly (P < 0.05) as evaluated by a trained sensory 
panel (n = 10)1,2,3
Term  
Definition (reference standards  
where used) [anchors] Modified Control Comp1 Comp2 P-value
Appearance       
 Yellowness Depth of yellow color [light yellow to dark 
yellow]
36.3b 50.6a 51.8a 42.3b <0.0001
 Shiny Shininess of appearance [matte to shiny] 37.8b 28.4b 60.1a 67.1a <0.0001
 Water spots Presence of water spots [none to lots] 3.8a 17.1a 2.8a 12.8a 0.040
 Body Density of appearance [thin consistency to 
thick consistency]
56.7a 65.7a 53.7a 35.0b <0.0001
Odor       
 Fatty (vegetable not dairy) Aromatics associated with vegetable oil 
(sunflower oil) [not to very]
14.1b 16.9ab 22.2ab 25.0a 0.026
Mouthfeel       
 How long butter and bread 
  stay separate in mouth
Time taken for the butter and bread to 
separate in mouth [short time to long time]
44.3a 52.6a 42.6a 18.1b <0.001
 Body Density in mouth [thin to thick] 50.3a 52.5a 39.4a 15.3b <0.0001
 Rate of melting Speed of melting in mouth [slow to fast] 54.7bc 49.4c 65.2b 83.6a <0.0001
 Oily mouthfeel Feeling of oiliness in mouth [not to very] 34.9b 32.1b 41.0ab 48.8a 0.010
 Watery Feeling of wateriness in mouth [not to very] 8.0b 8.0b 16.6b 36.3a 0.000
 Rate of clearance of butter Speed of clearance from mouth [slow to fast] 52.9b 51.8b 63.0ab 75.9a 0.000
Flavor       
 Creamy (dairy) Flavor characteristics of milk cream (double 
cream) [not to very]
29.7a 27.2ab 24.5ab 17.4b 0.024
Aftereffect       
 Greasy lips Greasy film remaining on lips once product 
swallowed [not to very]
21.6a 20.7a 25.3a 29.8a 0.049
a–cValues within a row with different superscripts are significantly different (P < 0.05). Attributes that were not significantly different between 
the butter samples were as follows. Odor: strength of odor, sour (lactic), creamy (dairy), sweet. Mouthfeel: cooling sensation, smooth, chalky, 
salivating, throat catch. Taste: sour, salty, sweet, metallic, bitter. Flavor: fatty (vegetable, not dairy). Aftereffect: sour, salty, fatty (vegetable, 
not dairy), creamy (dairy flavor), oily mouthfeel, bitter, throat catch.
1Data were analyzed by 2-way ANOVA, with sample and assessors fitted as fixed and random effects, respectively. Tukey’s post hoc tests were 
used to identify significant differences between milk samples.
2Modified = regular-fat, SFA-reduced, MUFA-enriched butter; control = regular-fat butter; Comp1 = commercial comparator 1 (regular-fat, 
SFA-reduced butter); Comp2 = commercial comparator 2 (regular-fat spreadable butter).
3In each session the modalities were rated in the following order: appearance, odor, mouthfeel, taste, flavor, and, following a 30-s delay, afteref-
fects.
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fect (all P < 0.05). A salty aftereffect was significantly 
higher in the modified milk compared with the other 3 
samples (P < 0.05). For cheese, 53 attributes were iden-
tified (Table 3). The modified cheese had a significantly 
less yellow and holey appearance than all samples, had 
a more bitter aftereffect, and was less crumbly than 
control and Comp1 samples (all P < 0.05). In compari-
son with the fat-reduced commercial cheese (Comp2), 
the modified cheese had a faster rate of dispersion in 
the mouth, more similar to the values for the regular-
fat samples (control and Comp1). Thirty-six butter 
attributes were identified (Table 4). The modified but-
ter was significantly less yellow than Comp1 and 2, 
and the modified and control samples were less shiny 
than Comp1 and 2 (P < 0.05). In comparison with the 
commercial products, the modified and control samples 
were both significantly higher in body (appearance and 
mouthfeel) and had a less watery mouthfeel than the 
commercial blend of butter and sunflower oil (Comp2; 
all P < 0.05). The modified and control samples had 
a significantly less oily mouthfeel than Comp2 (P < 
0.05).
Consumer Demographics
In total, 115 consumers participated in the study. 
The study population was split relatively equally for 
sex (54 men, 61 women), age (44.3 ± 14.6 yr; ≤44.0 yr: 
50%), FNS (26.3 ± 9.4; ≤26.0: 52%), and SEC (1–4: 
51%; Rose and Pevalin, 2010). Mean BMI of consumers 
was 25.1 ± 4.3 kg/m2.
Our cohort was moderately health conscious, with 
56% of consumers reporting that they often actively 
read the nutritional information on food labels when 
purchasing a product for the first time. When asked 
about their habitual intake of dairy products, 73.9, 
94.8, and 60.9% of consumers reported consuming 
cheese, milk, and butter (excluding margarine, veg-
etable oil spreads, and so on) ≥2 to 4 times per week, 
respectively.
Consumer Acceptance of SFA-Reduced,  
MUFA-Enriched Dairy Products
Milk Samples. There was no significant difference 
in overall liking, liking of specific modalities, or pur-
chase intent between the UHT milk samples (all P > 
0.05; Tables 5 and 6).
Cheese Samples. There was a significant difference 
in overall liking, liking of specific modalities, and pur-
chase intent between the 4 cheese samples (all P < 0.05; 
Tables 5 and 6). The modified cheese was significantly 
less liked than the commercial regular-fat Cheddar 
(Comp1; P = 0.007) and scored significantly lower in 
liking of specific modalities, including appearance (P = 
0.016), flavor (P = 0.013), texture liking (P = 0.001), 
and purchase intent (P = 0.007). The modified cheese 
was significantly lower than the control cheese in terms 
Table 5. Mean overall liking scores1 for all consumers and consumer clusters2 for milk, cheese, and butter samples and across all product types3,4
Product
Modified
 
Control
 
Comp1
 
Comp2
P-valueMean SD Mean SD Mean SD Mean SD
Milk          
 Overall group (n = 115) 6.1a 1.9 6.3a 1.7 6.1a 2.0 6.4a 1.6 0.313
 Cluster 1 (n = 30, 26%) 5.8b 1.7 7.3a 0.9 4.3c 1.2 5.8b 1.5 <0.0001
 Cluster 2 (n = 65, 57%) 6.9ab 1.5 6.6b 1.4 7.4a 1.4 7.2ab 1.3 0.005
 Cluster 3 (n = 20, 17%) 4.1a 1.4 3.8a 1.2 4.5a 1.9 4.6a 1.1 0.351
Cheese          
 Overall group (n = 115) 6.2b 1.7 6.5ab 1.6 6.8a 1.6 6.5ab 1.9 0.014
 Cluster 1 (n = 76, 66%) 7.0b 1.1 7.0b 1.2 7.5a 0.8 7.1ab 1.2 0.006
 Cluster 2 (n = 22, 19%) 4.4b 1.4 6.2a 1.7 6.1a 1.2 3.6b 1.4 <0.0001
 Cluster 3 (n = 17, 15%) 4.8b 1.9 5.0b 1.9 4.3b 1.7 7.4a 0.8 <0.0001
Butter and spread          
 Overall group (n = 115) 6.5b 1.6 6.3b 1.7 6.7b 1.5 5.0a 2.2 <0.0001
 Cluster 1 (n = 39, 34%) 6.5a 1.3 6.5a 1.1 6.5a 1.7 3.5b 1.1 <0.0001
 Cluster 2 (n = 62, 54%) 6.8ab 1.4 6.7ab 1.5 7.2a 1.0 6.5b 1.4 0.052
 Cluster 3 (n = 14, 12%) 4.1ab 1.2 3.6b 1.0 5.1a 2.0 2.1c 0.8 <0.0001
a–cValues within a row with different superscripts are significantly different (P < 0.05).
1Consumers evaluated overall liking on a 9-point hedonic category scale (1 = dislike extremely; 9 = like extremely).
2Clusters represent consumer subgroups that were homogeneous with regard to their overall liking of samples within the 3 product types as 
identified by agglomerative hierarchal cluster analysis.
3Modified = UHT SFA-reduced, MUFA-enriched milk; fat- and SFA-reduced, MUFA-enriched mild Cheddar cheese; and SFA-reduced butter. 
Control = UHT regular-SFA milk, regular-fat mild Cheddar cheese, and regular-fat butter. Comp1 = UHT whole milk; regular-fat Cheddar 
cheese; and regular-fat, SFA-reduced, MUFA-enriched butter. Comp2 = UHT semiskimmed milk, fat-reduced Cheddar cheese, and regular-fat 
spreadable butter.
4Data were analyzed for comparisons between products using 2-way ANOVA followed by Tukey’s post hoc test.
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of texture liking (P = 0.016), although overall liking 
was not significantly different between the 2 samples.
Butter and Spread Samples. There was a sig-
nificant difference in overall liking, liking of specific 
modalities, and purchase intent between the 4 butter 
and spread samples (all P < 0.0001; Tables 5 and 6). 
The modified, control, and commercial regular-fat, 
SFA-reduced butter (Comp1) were liked significantly 
more than the commercial butter and sunflower oil 
spread (Comp2; all P < 0.0001). The modified butter 
was not significantly different in overall liking, liking 
of any specific modality, or purchase intent from the 
control butter or the commercial butter manufactured 
from SFA-reduced, MUFA-enriched milk (Comp1).
HCA of Consumer Liking Data
Milk Samples. Cluster analysis revealed 3 patterns 
of liking for the UHT milks (Table 5). Cluster 1 (26%; 
n = 30) liked the control milk significantly and sub-
stantially more than the other milks (modified: P = 
0.001; Comp1: P < 0.0001; Comp2: P = 0.012), with 
the commercial UHT whole milk (Comp1) receiving a 
very low mean score. The largest group, cluster 2 (57%; 
n = 65), gave high mean scores (between 6.6 and 7.4) 
across all 4 samples; their scores for the commercial 
UHT whole milk (Comp1) were significantly higher 
than for the control milk (P = 0.003), but their scores 
for the SFA-reduced, MUFA-enriched (modified) milk 
were not significantly different from any other samples. 
The smallest cluster, cluster 3 (17%; n = 20), were 
nondiscriminators who gave all the milks low scores. 
Cluster 1 predominantly comprised younger consumers 
(≤44.0 yr: 63%) who were more likely to be female 
(60%), be from a higher SEC (1–4: 60%), and have 
a lower BMI (≤24.6 kg/m2: 57%) and a lower FNS 
score (≤26.0: 63%). Cluster 2 was characterized by a 
relatively homogeneous group of consumers with regard 
to sex, BMI, and FNS score but contained a greater 
proportion of older individuals (>44.0 yr: 60%) and 
those from a lower SEC (5–8: 57%). Cluster 3 contained 
a higher proportion of young consumers (≤44.0 yr: 
70%) and those with a lower BMI value (≤24.6 kg/m2: 
60%) and a higher FNS score (>26.0: 65%). The daily 
intake of milk was similar in each cluster, with most 
consumers claiming to drink up to 284 mL/d. Cluster 3 
had a higher proportion (40%) of consumers consuming 
more than 284 mL/d. In all clusters most individuals 
consumed semiskimmed milk. Cluster 3 was the most 
diverse because it had a higher proportion of consumers 
of either whole (15%) or skim (20%) milk compared 
with other clusters.
Cheese Samples. The HCA of the cheese overall 
liking data again revealed 3 clusters of consumers 
(Table 5). The largest cluster (cluster 1, 66%; n = 
76) gave high liking scores for all cheeses and rated 
the commercial cheese (Comp1) significantly higher 
than the modified cheese (P = 0.020) and the control 
Table 6. Mean ratings1 of liking of appearance, flavor, and texture and purchase intent for milk, cheese, and 
butter samples2,3
Product Modified Control Comp1 Comp2 P-value
Milk
 Appearance 6.7a 6.6a 6.8a 6.6a 0.512
 Flavor 6.1a 6.2a 6.1a 6.3a 0.653
 Texture 6.2a 6.4a 6.1a 6.4a 0.562
 Purchase intent 3.0a 3.1a 2.9a 3.1a 0.448
Cheese          
 Appearance 6.5a 6.8ab 6.9b 6.7ab 0.022
 Flavor 6.0a 6.6ab 6.7b 6.3ab 0.013
 Texture 6.1a 6.6b 6.7b 6.4ab 0.001
 Purchase intent 2.9a 3.1ab 3.4b 3.2ab 0.015
Butter and spread          
 Appearance 6.6b 6.7b 6.9b 5.8a <0.0001
 Flavor 6.4b 6.3b 6.7b 4.9a <0.0001
 Texture 6.5b 6.4b 6.8b 5.0a <0.0001
 Purchase intent 3.1bc 2.9b 3.3c 2.2a <0.0001
a–cValues within a row with different superscripts are significantly different (P < 0.05).
1Consumers (n = 115) evaluated appearance liking, flavor liking, and texture liking of each sample on a 9-point 
hedonic category scale (1 = dislike extremely; 9 = like extremely). Ratings of purchase intent were evaluated 
on a 5-point hedonic scale (1 = definitely would not buy; 5 = definitely would buy).
2Data were analyzed for comparisons between products using 2-way ANOVA followed by Tukey’s post hoc test.
3Modified = UHT SFA-reduced, MUFA-enriched milk; fat- and SFA-reduced, MUFA-enriched mild Cheddar 
cheese; and SFA-reduced, MUFA-enriched butter. Control = UHT regular-SFA milk, regular-fat mild Cheddar 
cheese, and regular-fat butter. Comp1: UHT whole milk; regular-fat Cheddar cheese; and regular-fat, SFA-
reduced, MUFA-enriched butter. Comp2 = UHT semiskimmed milk, fat-reduced Cheddar cheese, and regular-
fat spreadable butter.
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cheese (P = 0.010) samples. Cluster 2 (19%; n = 22) 
disliked the SFA-reduced, MUFA-enriched (modified) 
and the commercial fat-reduced (Comp2) cheeses, rat-
ing the regular-fat control and commercial (Comp1) 
cheeses significantly higher. Cluster 3 (15%; n = 17) 
liked the fat-reduced commercial cheeses significantly 
and substantially more than all other cheeses. Cluster 
1 was characterized by individuals who tended to have 
a lower FNS (≤26.0: 57%) and had a relatively equal 
split for age, sex, BMI, SEC demographics, and FNS 
scores. Cluster 2 was slightly higher in younger adults 
(≤44.0 yr: 59%), those from an upper SEC (1–4: 64%), 
and those with higher FNS scores (>26.0: 59%); they 
were similarly split for sex and BMI. Cluster 3 was 
characterized by a higher proportion of females (58%) 
as well as those with a lower BMI (≤24.6 kg/m2: 65%) 
and older individuals (>44.0 yr: 59%). Most consumers 
claimed to eat cheese more than once per week; this 
was highest in cluster 3, where only 6% of consumers 
ate cheese less than once per week.
Butter and Spread Samples. Three patterns that 
represented overall liking of the butter samples were 
revealed by HCA (Table 5). Cluster 1 (34%; n = 39) 
and cluster 3 (12%; n = 14) both disliked the spread 
(Comp2; butter and sunflower oil blend) compared with 
all of the full-butter samples. However, in cluster 1 the 
consumers rated these 3 butter samples equally (all P 
< 0.0001). Cluster 3 liked the butter and sunflower oil 
product (Comp2) significantly less than the modified, 
control, and Comp1 butter samples (P = 0.002, P = 
0.042, and P < 0.0001, respectively). Cluster 2 (54%; 
n = 62) rated all samples with relatively high liking; 
the commercial butter (Comp1) was rated significantly 
higher than the commercial spread (Comp2; P = 
0.042). Cluster 1 contained a large proportion of fe-
males (67%), individuals from a lower SEC (5–8: 59%), 
and individuals with a lower BMI value (≤24.6 kg/m2: 
59%) and a lower FNS score (≤26.0: 59%) but was rela-
tively equally split for age. Cluster 2 contained more 
males (58%) and individuals with a higher BMI value 
(>24.6 kg/m2: 52%) and a lower FNS (≤26.0: 57%) but 
was relatively equally split with regard to age and SEC. 
Cluster 3 was equally split for age; it contained more 
females (57%), individuals from a higher SEC (1–4: 
57%), and individuals with a lower BMI (≤24.6 kg/m2: 
78%) and higher FNS score (>26.0: 86%). There were 
more low butter consumers in cluster 3 (93% ate butter 
less than once per day) compared with other clusters.
Acceptability of SFA-Reduced Cheese that Was 
Presented with Nutritional Information
Presenting the SFA-reduced cheese with nutritional 
information about total fat and saturated fat content 
significantly increased overall liking (modified with in-
formation: 6.5 ± 1.8; modified: 6.2 ± 1.9; P = 0.04) and 
purchase intent (modified with information: 3.5 ± 1.0; 
modified: 2.9 ± 1.2; P < 0.001).
DISCUSSION
Supplementing the cow diet with plant oils or oil-
seeds is an effective and sustainable strategy for re-
moving SFA from the food chain by partial milk fat 
replacement of SFA with unsaturated FA (Kliem and 
Shingfield, 2016). The primary objective of the current 
study was to determine consumer acceptability and 
purchase intent of modified dairy products when tasted 
in a blinded manner. A representative sample of UK 
consumers generally accepted the modified dairy prod-
uct samples that were presented to them. A secondary 
aim of the study was to examine the effect of providing 
nutritional information about the modified cheese. We 
found that the overall liking and purchase intent of 
this SFA-reduced cheese increased when the cheese was 
presented along with nutrition information.
In line with other research that evaluated acceptabil-
ity or sensory characteristics of FA-modified milk (Baer 
et al., 2001; Ramaswamy et al., 2001; Kitessa et al., 
2004; Lynch et al., 2005), we found that our modified 
milk had no effect on the mean overall liking, liking of 
specific modalities, or purchase intent ratings across our 
consumer population (n = 115). Our trained sensory 
panel observed some differences in sensory attributes 
between both modified and control samples and the 
commercial comparators. Therefore, it is likely that the 
disparities in milk flavor, mouthfeel, and aftereffect at-
tributes were a result of disparate UHT manufacturing 
processes (Oupadissakoon et al., 2009) rather than milk 
composition.
In agreement with some of the literature (Palmquist 
et al., 1993; Chilliard and Ferlay, 2004; Givens and 
Shingfield, 2006), we observed that the modified cheese 
received lower mean ratings compared with the other 
3 cheeses for overall liking, liking of specific modali-
ties, and purchase intent. This cheese contained 7 and 9 
g/100 g less total fat and SFA, respectively, and 3 g/100 
g less MUFA when compared with the most preferred 
sample, the regular-fat comparator. The reduction in 
liking is likely to have been driven by the differences 
in either appearance or texture outlined in the Results. 
Considering that the modified and control cheeses were 
produced using the same bacterial starter culture, the 
lower textural liking ratings for the modified cheese 
suggest that some attributes were affected by the to-
tal fat or FA composition of the sample. Fatty acid 
modification of cheese has previously been reported 
to lead to an alteration in the textural properties of 
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cheeses (Palmquist et al., 1993; Chilliard and Ferlay, 
2004; Givens and Shingfield, 2006). Comments collated 
from the consumers suggested that textural liking of 
the modified cheese was affected by its rubbery texture. 
The trained sensory panel in this study found the modi-
fied cheese to be more crumbly in appearance than the 
control, with a tendency (not significant) to be more 
rubbery. It is known that fat-reduced cheeses (25% less 
fat than regular-fat counterparts) contain a more dense 
protein matrix in which agglomeration of fat globules is 
compromised, and this may lead to a rubbery texture 
and mouthfeel (Gunasekaran and Ak, 2002; Johnson 
et al., 2009). Indeed, our panel found the fat-reduced 
comparator (Comp2) to be significantly and substan-
tially slower to disperse, have a much greater resistance 
to bite, be much more crumbly and mouth drying, and 
be slower to clear from the mouth than the standard-
fat comparator (Comp 1; Table 3). This could be 
explained by the fact that the fat-reduced commercial 
comparator (Comp 2) contained a further 6 g/100 g 
less total fat than the modified cheese, which did not 
have these large or significant mouthfeel differences 
compared with the 2 regular-fat cheeses (control and 
Comp 1). However, further optimization is necessary 
because the consumer still liked the modified cheese 
less. It is probable that the use of optimized manufac-
turing procedures, which allow for the lower moisture 
content of fat-reduced cheese, could lead to cheeses 
with improved textural properties; such interventions 
include adding denatured whey protein to the cheese, 
adding a fat replacer, and homogenization of the cream 
(Johnson et al., 2009). Future work should consider the 
effect of such interventions on enhancing consumer ac-
ceptance of FA-modified (and fat-reduced) cheese.
The 3 butter samples were rated higher than the 
regular-fat spreadable butter (Comp2) for overall lik-
ing, liking of specific modalities, and purchase intent. 
It is possible that the liking ratings of the spreadable 
butter could have been confounded by the 0.2 to 0.5 
g/100 g lower salt content compared with the other 
butter samples. However, our sensory panel did not ob-
serve a significant difference in salt taste and aftertaste 
attributes between the butter and spread samples. The 
FA composition of the modified and commercial but-
ters did not have a significant effect on the organoleptic 
properties of butter. An advantage of FA-modified but-
ter is that it is more convenient to spread butter when 
it is cold (Palmquist et al., 1993; Chilliard and Ferlay, 
2004; Givens and Shingfield, 2006). Butter firmness is 
largely determined by the ratio of C16:0 to C18:1 cis-9 
in milk fat. An increase in milk fat C16:0 content and 
lowered short-chain FA concentrations are associated 
with a reduction in the spreadability of butter at colder 
temperatures (Chilliard and Ferlay, 2004). However, 
because we served all samples equilibrated to room 
temperature and on bread, we were unable to observe 
whether consumers had an increased preference for a 
specific butter based on firmness when used directly 
from the refrigerator.
The HCA indicated that for each dairy product type 
there were groups of consumers with distinctly different 
liking patterns. The largest milk cluster (57%) liked 
the commercial whole milk significantly more than the 
control milk but gave high scores for all milk samples. 
Neither of the 2 smaller clusters rated the modified milk 
lower than the control. This suggests that milk could be 
a viable strategy for reducing SFA intake for the ma-
jority of consumers. The second largest cluster (26%) 
liked the commercial whole milk (Comp 1) significantly 
less than the commercial semiskimmed milk (Comp 2); 
this cluster contained the highest proportion of regular 
consumers of semiskimmed milk compared with other 
clusters. The smallest cluster gave low liking scores to 
all milks, yet this cluster had the highest proportion of 
higher volume milk consumers. We speculate that this 
could be driven by the use of UHT milk for all samples 
in this study. Recent figures suggest that this type of 
milk contributes to only approximately 4% of liquid 
milk sales in Great Britain (AHDB, 2016).
For cheese, there was no difference in mean liking 
between the modified and control cheeses across all 
consumers, and this was mirrored in the largest (66%) 
and smallest (15%) consumer clusters. However, 19% of 
consumers liked the modified cheese significantly and 
substantially less than the control. This group had a 
slightly higher proportion of younger and higher SEC 
consumers, more people with a higher neophobia score, 
and more consumers who ate cheese less frequently. This 
may imply that these consumers were more sensitive to 
the changes in the FA profile or the slight reduction in 
fat content. It has previously been illustrated that oral 
sensitivity to FA could be related to the perception of 
fat in foods and that participants who were orally hy-
persensitive to C18:1 could detect smaller differences in 
a custard varying in fat content compared with partici-
pants characterized as hyposensitive to this FA (Stew-
art et al., 2010). However, as the texture was liked less 
on average across the whole consumer group, this may 
imply that the changes in texture resulting from the fat 
profile or content had a greater influence on liking than 
any gustatory response to the more unsaturated FA. 
It would be interesting to see whether the processing 
conditions of the modified cheese could be optimized 
by a commercial manufacturer to improve the texture 
and increase liking of this cheese. The smallest clus-
ter (15%) had a preference for the fat-reduced cheese 
sample. This cluster, in which almost all participants 
consumed cheese more than once per week, consisted of 
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a large proportion of older individuals and females with 
lower BMI. This fat-reduced cheese contained the low-
est fat content and lowest MUFA content. The study by 
Stewart et al. (2010) suggests that oral sensitivity to FA 
also influenced BW, with participants who were orally 
hypersensitive to C18:1 having lower BMI values. To 
some extent this supports our finding that those who 
preferred the fat-reduced, lower MUFA cheese had a 
lower BMI, and they might be more sensitive to MUFA 
levels. However, such inferences would need to be con-
firmed in an adequately powered trial. Interestingly, 
exposure to low-fat diets (4–6 wk) has been shown to 
significantly increase fat taste sensitivity among lean 
and overweight or obese individuals and increase lik-
ing or preference for some low-fat foods (Stewart and 
Keast, 2012; Newman et al., 2016). Further research 
is warranted to investigate whether repeated exposure 
could increase consumer acceptance of FA-modified 
foods, such as dairy products.
For butter, there was no significant difference in lik-
ing between the modified sample and the control but-
ter by the consumer group overall or by any consumer 
cluster. However, across all consumers and within each 
cluster the commercial spread was liked significantly 
less than the butter samples. This is a very interesting 
observation because it implies that consumers who will 
not currently switch from butter to spreads because 
they prefer the taste of butter are more likely to change 
to the SFA-reduced butter. Indeed, this modified 
butter would reduce the consumers’ SFA intake to a 
similar extent as is achievable by switching to a spread. 
The largest butter cluster (54%) gave substantially 
higher liking ratings to the spread sample than the 
other, implying that they were less influenced by the 
high PUFA content. This cluster contained more men, 
more consumers with a higher BMI, and more consum-
ers with a high frequency of butter usage. Previous 
research has indicated that fat nondiscriminators may 
have greater abdominal adiposity compared with fat 
discriminators (Liang et al., 2012). The smallest cluster 
(12%) rated all butter and spread samples lower than 
the other clusters; this cluster had very few frequent 
butter consumers.
Despite previous observations that have suggested 
that consumers may relate total fat reduction to re-
duced pleasantness and an altered sensorial profile 
(Tuorila et al., 1994), we found that informed con-
sumers gave higher overall liking and purchase intent 
ratings for the modified cheese compared with tasting 
this cheese sample in a blinded manner. This is in line 
with previous work that has demonstrated a positive 
influence of nutritional information on acceptance of 
unfamiliar foods (Kähkönen et al., 1996; Tuorila et al., 
1998). Furthermore, the overall liking of the modified 
cheese with information was similar to the mean ratings 
given by consumers when they tasted the control and 
fat-reduced cheeses in a blinded manner. Some research 
has demonstrated that health-related nutritional labels 
on cheese (i.e., fat and salt content) could affect the 
sensory expectation and perception of related sensory 
attributes but may not detrimentally affect overall lik-
ing of cheese; this suggests that health-related labels 
may be used as a priming method to influence more 
healthful food choices (Schouteten et al., 2015). Raising 
consumer awareness of the taste of healthful foods may 
also be beneficial. It has been demonstrated that the 
provision of taste information encouraged the selection 
of previously unfamiliar foods, including low-fat variet-
ies of cheese and margarine (Schickenberg et al., 2011).
The present study has several possible limitations. 
It could be argued that the number of attributes as-
sessed in our QDA sensory evaluation (36, 42, and 
53 attributes for butter or spread, milk, and cheese, 
respectively) could have led to a halo effect as a result 
of panelists forming logistical associations between at-
tributes in specific modalities. However, using a fully 
trained sensory panel minimized this effect. Further-
more, having a greater number of attributes enabled 
the ability to differentiate between samples, and sets 
of up to 100 attributes have been evaluated in previous 
sensory studies (Vandeginste et al., 1998; Stone et al., 
2012). As a result of time constraints, it was not feasible 
to assess the effect of information provision on accept-
ability of the milk and butter samples. In addition, not 
all of the product types were processed under standard-
ized conditions (i.e., different process parameters and 
milk sources were used), and it is acknowledged that 
this could have affected product acceptance (Markey et 
al., 2015) independent of variations in FA or total fat 
content. Furthermore, it was not feasible to purchase 
all commercial samples in a single batch (cheese and 
butter or spread) or in units that were consistent with 
those of the modified and control dairy products. The 
modified cheese had a 5 g/100 g lower total fat content 
than the control sample due to the lower fat content 
of the experimental milk (Markey et al., 2017); this 
makes it difficult to differentiate between the effect of 
SFA and total fat reduction on consumer acceptance 
of the product. Butter was evaluated on bread by 
both the sensory panel and the consumers. Therefore, 
future studies could evaluate additional features such 
as spreadability. Furthermore, the cluster groups were 
not all adequately powered, and therefore the results 
should be interpreted with caution.
Identifying dietary changes that have the potential 
to enhance diet quality has important implications for 
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designing attainable dietary recommendations for pub-
lic health (Verger et al., 2014). A simulation analysis 
indicated that encouraging young adults to replace 3 
high-SFA products in their diet, including Dutch hard 
cheese, meats, and milk, with low-SFA alternatives 
had the potential to increase compliance with dietary 
recommendations (≤10% of total energy) from 23 to 
86% (Schickenberg et al., 2009). The current work con-
firms that novel dairy products that had a portion of 
SFA content replaced with cis-MUFA through a bovine 
feeding regimen were acceptable to consumers. Future 
work is required to examine whether real-life dietary re-
placement strategies have the potential to reduce SFA 
intake at a population level while minimizing changes 
to dietary patterns of consumers.
CONCLUSIONS
The findings from the present study indicate that the 
consumer acceptance of SFA-reduced, MUFA-enriched 
milk and butter was similar to that of commercially 
available comparators. The SFA-reduced, MUFA-
enriched cheese was less liked than the commercial 
regular-fat cheese comparator and the texture was less 
liked compared with both of the regular-fat cheeses 
tested. However, tasting the modified cheese with nu-
tritional information increased the overall liking and 
purchase intent compared with tasting the same sample 
in a blinded manner. Future work should consider how 
optimization of the textural properties of the FA-modi-
fied (and fat-reduced) cheese as well as the provision of 
nutrition information affect consumer acceptability of 
this dairy product.
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